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WIND-TUNNEL TESTS OF SEVERAL ARRANGEMINTS
OF EXTERNAL AUXILIARY FUREL TANEKS ON
A FIGHTER-TYPE AIRPLANE

By Zdward Pepper
SUMMARY

An Investlgation was conducted 1n the NACA 19-foot
pressure tunael to determine the merodynamlc effects of
soveral arrangements of external auxlliary fuselage and
wlng tanks of large fusl capacity on a fighter-type alr-
plane., Model tank arrangements of several conflgura-
tlons designsd to hold 150 to 350 gallons of fuel were
attached to a typlcal fighter-type alrplane model for
this invostigatlion, One tank errangomont tested, of
350-gallon fuel capaclty, consisted of rectangulanr croms-
saoctlon fusclrogo and wing tanks mountod flush agalnst
the under surface of the alrplsno model. The other
tank arrangements tested were hung under the fuselage
and wing surfaces of the model by slngle struts, They
were of clrcular cross sectlon and of two sizes, designed
for 150-gallon and 300-gallon fuel capacity full scals,.

The rectangular tank arrangement of 350~gallon fuol
capaclty has the greatest adversse merodynamic effect on
the alrplane and 1s tho least desirable of all thse con-
figuratlions teeted. The clrcular wing-tank arrangement
of 300-gellon fuel capacity 1ls not so desirable aerody-
namically as elther of the circular fuselage-tank
arrangements inasmuch as lnterference effects between
the wing surface and the tanks may become large with
small intervening epace., PFlap and aileron deflections
may aggzravate thls effect. The clrcular fuselage-tank
arrangemcnts of 150-gnllon and 300-gallon fuel capacity
showod the lenst effect on the acrodynamic charactoristics
of the mlrplane with a chango in the maximum valuo of
lift~drng ratio from 2,0 to 4.8 percent, respectively.
Tank angles of incldence and vertical distances from the
adJjacent alrplane surfoces, within reasonable limits, hnd
a negligible effact.
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Xono of the tnnk configuratlons tested had an
appreciable effect on the longitudinal stabllity when
the normal flxed center of gravity of the alrplane was
used as a reference. The angles of trim changed slightly
but no definite trend was ascartalned.

INTRODUCTION

External suxilliary fuel tarnks of large capacilty,
which may be appended to the alrplane —without materially
affocting 1ts merodynamic charectoristics, are of great
Intorest as A device for ilincreeslag range. Soveral
military fighter airplasines now in service have flown
with extornal auxlliary fuel tanks of small capacilty
for thia purpose,

This raper presents the results of tests made in
the ¥ACA 19-foot pressure tuuanel of several arrangementas
of model extarnal auxiliary fuel tanks with full-scals
capaclties fror 150 to 350 gallons. Range, take-off,
and climb are not includsd 1n the discusslion becauss
each alrnlane requires a unlque solutlon depsnding upon
propulsive effleclency, specific fusl consumption, emount
of fuel loed, altitude of operation, acrodynemic charac-
teristics of the slirplane, and power chanrecteristics of
the engine, etc. It 1s the purpose of this paper to
show, primarily, the effects of the specific fuel-tank
arrangenents investligated on the aerodynumic character-
istics of the alrpiane model. Thec tanks were tested at
various vertlcal dlstances and angles of incidence ral-
ative to the chord line of the wing. The rosults are
indicativo of the trends that mey be expected with sim-
ilar installations on other pursult and fighter typos
of alrplanes.

MODEL AXD TESTS

Several arrangements of external suxiliary fuel

tanks were tested on the scale model of the Vought-

Sikorsky F4U~1l alrplane in the 19-foot pressure tunnel,
(see figs. 1 to 4.) This airplane model was chosen
because of 1ts avallablllity and because it reprssentsa



a typlcal fighter-type alrplane. The general vlew of
the ‘model given in figure -l shows the method of mounting
in the wind-tunnel test sectlon. General dimensions are
glven 1n figure 5.

o) 1 ion.~- Models of a
rectangular fuselage tank of 200~-gallon capaclty and: of
two smaller rectangular wing tanks of 75-gallon capacliy
were attached to the alrplane model flush with the under
surfeces of tho fuselage and winga, rasspectlively. The
goneral proportions of these tanks are roctangular when
viavwed from the front as shown 1n figure 1, Thls arrangse-
ment was suggostod by tho Army Alr Forces, Materlol Com-
mand. The priacipal dimenslions of theseo tanks and thelr
positions on the model are given in figures 5, 6, and 7.
The wing tanks were placed 57.5 inches from tho coenter
line of the airplanc model., o fillots werc used botwaen
tho tanks and tho airplene surfacos.

Tankg of circular crogs gectlon.- Models of a large
fuselage tank of cecircular crosse sentlon and two smaller
wing tanks of eimllar shope designed to hold 300 gnd 150
gallons, respectively, were attached to the model by struts
a8 shown in figuree 2, 3, and 4. These tanks are similar
bodles of revolution, ellipsoidal in shape from the nose
back to 70 percent of the total length, and then tapering
conleally to the tralling end witnh a fineness ratio of 6,
The principal dimonsions of these tanks and thelr positions
on the cirplene are given in figurcs 8, 9, 10,end 11, All
tho attaching struts havo a cross—scectional shapo similer
to the longitudinal cross section of the tanks, with a
longth of 9.5 inchos. No fillets were used at tho places
of attachmont of the gtruts,

The wing tanks were also placed 57.5 inchos spanwilse
from tho contor line of the model. The vertical position
of the largo fusolage tank (300-gal capaclity) was such
es to 1lnsuro ground clearance with the shock absorbors
and tiros fully deflected in the throo-point attitudo,.
Three tank angles of ilncildence were tested in this posi=-
tion. The tank was then ralsed approximately ome-~third
1ts diameter and again tested at three angles of incildence.
The small fuselage tank (150-gal capacity) was tested at
the same vertical positions as tho large tank relative
to the tank center line, dut for only one angle in each
position., The wing tanks (1l650-gal. capacity) were tested
"at two vertlical positions and two angles of incildence .at
each position, The digtance from the lower surface of the




wing to the.center line of each tank at the hinge point,
for the first posltion, was approximately the maximum
diameter of the tank. Xach tank was ralsed about one-
third its dlameter for the second posltion, The tanks
were turned inboard 2° relative to the plane of symmetry
80 ag to facs directly into the resultant wind stream

in cruising flight for euch positlion tested.

Tegt _conditions.- The tests were made in the NACA
19-foot pressure tunnel nt atmospherlic pressure and at a
dynamic pressure of approxlimately 25 pounds per sjuare foot,.
The test Keynolds numbar based on the mean azrodynanic chord
of the wing wes approximately 2,500,000,

Test procedure.- In all the runs, 1lift, drag, and
pltching-moment measureacnts were made through an angle-of-
attack range from -49 through the stell. The several con-
figurations tested (scs tabls I) differ only in tank ar=
rangexcent, The runs were made wiltiout power and with the
alrplane control surfaces locksd in the neutral position,

RESULTS AHD DISCUSSION

The resulte of the tests of the severul arranzements
are sunravriged in table I for values of 1if$ coafficient
of C.,2 and 0,9, whlch correspond approximsateiy to the high
spbed and the cruisirg speed of the eirplecne, respectively,
Figurea 12 to 16 are typlcal plots skowiny wveriztion of
1ifs, avag, and pliching-msment coerricionts fsr the gon-
orel arrangemenis tested includirg the plain model,

Symbols
Cy, 11t coefficiont (L/qS)
6p . drag coefficient (D/gS)
Cm pitchiﬁg—momeﬁt coefficlont about center of

gravity (M/gSc) (ccator-of-gravity location
uscd 1s 6,80 in, esbovoe &nd 2.87 in., dehind
modol suppcrt points when geomotric angls
of attack of wing is 0°)

L/D ratio of 1ift to drag

ACp difference botween drag coefficient of model
with tanks and that of plaln model
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ACp drag coefflcliont of tank arrnngement based
T.. - on total frontal area.of tanks [AGD(S/ST)]

AD tank arrangement dreg increment at 100 miles
por hour, pounds

where

L lirt

D drag

M pltching moment

qQ dynamic pressure 1n uhdieturved stream, pounds
per square foot

s wing area (41.6 sq ft)

S total frontel area of tank arrangement,
square feet

€ mean aerodynamic chord (2.85 ft)

and

a goeometric angle of attack of root chord corrected
for Jet-boundary interference offects, degrees

¢ anzle between chord line of wing and center limns
of clircular tank, degrees

d dlstance between lower surface of the airplane
and center line of tank, inches

Drag
Rectansular tankg.~ The rectangular tank arrangement

is the least desiradle of the arrangements tested., The
values of ACp for this arrangement were more than 200
percent higher than these valucs for any of the other
errangements investigated. ZFor a change in the valuo

of O from 0.2 to 0.5, ACp showed a greater varlation
for thls arrangomont than for eny othor; 1t changed from
0.0054 to 0.0064, This result was due to the fact that
the minlimum drag occurred at a lower value of 1lift coef=-
ficlent for the rectangular tanks than for the other con-
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figuratlons tested. Figure 17 shows variations of the
tank-arrangement drag coefflcient based on t.he total
frontal area.

Cireuvlgr tanks.~ The circular fuselage~tenk arrange-
ments hive the smallest velues of ACpe The lerge circuler

tank gave slightly higher values than the small circular
tank but 1t must be remembored that 1t hes twice tho fuol
capeecity. The tenk angles of incldence and vortical pos-
ition had small offects on the velues of ACp obtalned

for each arrangomont. Tho clrcular wing-tank arrangemeont
had slizhtly moro drag than tho fusolage tanks, and this
result may be due to interference effects between the
tanks and the wing surfaces. It would seem more desirable
to have the vartlcal distence c¢f the wing tanks as large
as feasible to avold these interforcecnce effects, which
may be large with the ailerons or flaps deflected. A
small improvement would be oxpected wlith fillets betweon
the struts and attached surfaces.

Flgure 17 shows the varlation of the drag coeffl-
clents of the several tank arrangements besed on thelr
total frontal area with the lift coefficient of the air-
plane, Tke frontal areas of the circular tanks of varlous
lengths are given in flgure 18,

Maximum Lift Coefflclent

The rectangular tanks decreascd the value of the
maximum 1ift coefficicnt of the plaln airplane model
from anproximeotely 1.40 to 1.29. The values of maximunm
1ift coefficiont for the clrcular tenk were not decreasod
80 much, as thoy all fell in e range of from 1,33 to 1l.35
with the exceptlon of two arrangomonts, one of tho large
circular fusolrnge tank and one of the circular wing-tank
arrangement, which gave values of Op,., of 1.36 and

1.31, rospectively., (Sce tsble I.) Innsmuch as all
maximum velues of Cj obtained fell within these limite
1t mey be sald thot the cddlition of eny errangcment of
tanks hnd a smnll cffect on the maximum 1ift coefficient
of the plain nirplano. Tho nverrge docrease 1is about

4 porcont. Thils decroasoc would indicatec a slight offoct
on tho lendlng spood with tanks ompty and with flaps snd
controls properly seot.
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Maximum L/D

The percentage change of the maximum value of L/D for

‘thé airplane when tanks  are attached will not neces—.

sarlly be the same for any othsr fighter-type alrplane,
The maximum values of L/D of the model tested varied from
14,16 for the airplane without tanks to 11,94 for the air-
Plane with rectangular tanks, The addition of the rec-
tangvlar tanks lowered the maxXimum value of L/D by

15.7 percent, The addition of the circular fuselage

tanks lowered the maximum value of L/D by 2 percent

for the best arrangement. The values of d and

of the circular fuselage tanks had small effects on the
meximun values of L/D. The best arrangement of circular
wing tanks lowered the maximum value of L/D by 4.8
percent, Here agaln changes in the values of 4 and

@ hed little effect on the chenge of (L/D) ,,. The

optimum arrangement of circular wing tankes, with the tanks
farther away from the wirg surface and at approximately
zero angle of attack at the crulsing condition (4 = 8,16
in. end @ = 6,0°), showsd slightly better amcorodynamic
characteristics, however, than the other circular wing-
tank arrangementas.

The results of these tests show that the sddition
of external auxillary fuol tauks for any conventional
fighter alirplane should increase the range from 2500
to 3500 miles.

Longitudinal Stability

Conter—-of-gravity logation.~ The tanks of rectan-
gular cross section werc attached to the airplane model in
& mannor suggestod by the Army Alr Forces, Materiel (ommand.
The center-of-gravity location for srch of these tanks
fully loaded is shown 1n figure 5. The normal contor of
gravity of the plain rirplanc would boe loworad and moved
rearward with the addition of theso tanks. Figuros 9 and
10 show the centor-of-gravity location of the circular
cross~section tanks fully loaded relative to the normal
fixod conter of ‘gravity of the plain ailrplane., All the
circular tanks wero so attached tnat tholr conter-of-
&ravity positiohs were directly under the center o9f gravity
of the plain alrplane at the high~speed conditien for all
the configurations tested, The position of the resultant
center of gravity wounld thus be lowersed and moved ahead
with the airplane flying in the reglon of (L/D)maz with
tanks full., fThis condition would tend to increase thes
negative values of dCy,/dC; and would therefore give more
longitudinal stabllity, The resultant centerwof-gravity




locatlon wlll vary with tkhe weight of fusl in the tanks.
This effect will depend upon the geometry of the tank
installation. As the weight of thoe fuel 1s diminished
during flight, the center-of-greavity location will move
forward if the tanks are polnted downward and rearwvard

1f the tanks are polnted upward, If this effoct 1s
sorious in any installation, a suggested remedy would be
to divide the tanks into several comwpartments. Tho fuel
could thus be drainod sinultanvously and progressively
from each erd to the ceanter of the tnnks., The determina-
tlon of the center-of-gravity lccation of the complete
eirplene with external auxiliary fuel tanks 1lnvolve other
welght varlables sucn as the walght of the empty tanks
and the nacesoary addiltinual structure for attachmont,
which are mettere of specific design.

Pltching-moment coefficiants.~ Ths typical plicking=
moment-coefficlient curvas presnonted in figurea 12 to 16
" kave been referred tc the fixed normal center of gravity
of the plain alrplane to fecilltatse comparlsons of the
saerodynamic erfects on the alrplane longitudinal stadbllity
dua to the adiltlion of extcrnal auxiliary fuel tanks,
There 13 no appreciable chenga in dCp/dC; Dbecause of the
eddltion of the tanks. The trim angies vary, howcver,
but no doflaite trencs arc spparent.

CONCLUSIOKS

l. The rectaixgular tanks were the lecst desirabdle
of the tank arrangsmentas Iinvestigated bocruse of compara-
tively large adversc aerodynamic effeccts on thnec alrpiane.

2, The gcirculaer wlng tanks showed » tendasncy to
decroese thke zezimum valuo of thoe lift-drag ratlo with
a decrsaseo in the distancs batween tho wing surface and
the tanks, Thls effect was apparently due to irnterferencs
and may become more pronourced with flap and alleron de-
flectlons,

3« Tke circular fuseclage tank angle of 1lncidsence
end vertical dlstence from the airplane surface, within
reasonable limlits, had & negligible effect on the aerody~
nanic characteristics of tre complste airplane,

4, The ecdition of wircular fuselagc tanks of 150=-
gallon and 300~gallorn fusel capaclty lowered the maximum
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value of the lift-drag ratlo of the airplane from 2.0 to

4,8 -pergent , respectlvely. These tank arrangements.aro..
considered the most desirable of the configurations
investigated.

Langley Memorial Aeronautical Laboratory,
Fatlonal Advisory Commlittee for Aeronautics,
Longley Fleld, Va.




TasLe I.- Summary oF ResuLTs

Tonk | ) | c.=02 C =05 _
Comnguratien | G lug | Cronl oo Co Jaco [0 [%r [*] [Co [2C0]* [Cor [48
@; — | — |1.395|/4.16 0019/ | —— | /10.42| — | — 00364 — | /14.12 | — | —
C%ﬂ — | = |1.292]11.9410.0245\0.0054| 8.6 |01296| 5.75 |0.04180.0064| 11.26 |0.1636| 6.8/
Fuel |

it

f 53090/
6.4 |1.335|13.8000205\0.0014 | 9.71|009/2| 149 (003720008 13.40(0.1172 | 1.92
281 | 8./ |1.358\/3.79| 0207| .00I6 | 9.66| .1042| 1.70 | 0369 .00I5 | 13.654| 0976| 1.60
Fue/ 1. {13489|/13.61| .0205| 0014 | 9.76| .0912| 1.49 | 0372| .00I18| 1344 .1172 | 1.92
505 et 6.1 |1.329|/13.49| 0208|.0017 | 9.62| .1107 | 1.81 | .0373| .0019| 1344| 1237\ 2.02
93! | 8.9 |1.325|/3.66| .0206| .0016| 9.66| .0977| 1.60 | .0370|.0016 | 13.51| .1042| 1.70
/1.1 |1.333|/362| 0208|.00/18| 9.52| .1172| 1.82| 0368 .0014| 13,69 .09/2| .49
12.81) 5.7 |1.340|13.88(0.0200 [00009|10.00 0.0830| 0.96 |0.0367\0.0013 | 13.62|0./1344| 1.38
— 9.3/ | 56 |1.340(/1380| .0197|.0006|10.15 | .086]7} 0.63| 0368 .0011 | I3.70| 1I37| 1.17

/

ca,:aeclfy

i 180 gal
876 {2.7 1.310 |13.26|002/12 \0.0021 | 9.44(0./086] 2.23 10.038110.0027| /3,12 |0.13 96| 2.88
. 6.0 |1.326\/3.47| .02/5 | .0024| 9.30| .1240| 2.56| .0377| .0023|13.26| .1189 2.45
Coj'gaec’,,y 5.74 {2.7 1.329\/13.11 | 0214 | 0023 9.35| .1189| 2.45| .0384| .0030,13.02 | .I550| 3.18
% 300gal | 8.1 |1327/3.40| .0216|.0025| 9.26| .1292| 2.66 | .0383 .0029| 13.05| .1499| 3.09

%d, distance from oirplane lower surfoce fo center of gravity of the tank.
2¢, angle belween centrer line of tank and chord /ine of wing.

d

Cps, drag

coefficient of fank orrangement based on frontal aorea of tanks.
AD, tank arrangernent drag incremenf at 100 mph.
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external auxiliszry fuel tanks.

Figure 2.- Alrplane model with the large circular external auxiliary fuel tanl
under the fuselage.




Figure 3.- Airplane model with the small circular external auxiliary fuel tank
under the fuselage.

Figure 4.~ Alrplane model with the circular external auxiliary fuel tanks
the wing. '
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NACA Figs. 6,8
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Figure 8.~ Sketch showing general dimensions of the circular tanks.
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NACA Figs. 12,13
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